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® A compact and precision extrusion system and 
method for extruding strips of rubber "compounds 
with profiles of accurate dimensions. Strips of rubber 
compound (7) are uniformly heated and mixed in an 

- extruder and then passed through a low ^ pressure 
drop strainer (19) to remove foreign matter. The 

" strained compound then is fed directly into a gear 
pump (20) which delivers precise volumes of the 

-rubber compound immediately into the spread 
chamber of an extrusion head (21) after which it 

: passes through a die to form a precise strip (23) of 
the rubber compound. The strainer and extrusion 
head are movably mounted with respect to the gear 
pump for axial separation from the gear pump for 
easy removal of the rubber compound from the 
various components of the system to facilitate com- 
pound changes. A control system regulates the 
speed of the extruder to provide a near constant 
pressure at the entrance port of the gear pump to 
precisely regulate the rate of extrusion of the com- 
pound from the extrusion head. The extruder prefer- 
ably includes a feed section (30), a pressure genera- 
tion section (31). and a mix section (32) which main- 
tain the temperature of the rubber compound below 
100° C. 




FIG-2 
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BACKGROUND OF THE INVENTION 
Technical Field 



The field of art in which this invention pertains 
is that of an extrusion system and method particu- 
larly for use in extruding precision strips of rubber 
or elastomeric compounds with profiles of very 
accurate dimensions in a trouble free and essen- 
tially automated operation, and which enables rapid 
changeover between various types of such com- 
pounds. More particularly, the invention relates to 
such an extrusion system and method in which 
equilibrium conditions are reached rapidly' during 
start up and after compound changes enabling the 
economic production of strip material, primarily for 
use in the subsequent manufacture of tires, air 
springs and similar items that include rubber com- 
pounds. ' 

Background Information 

Presently various extruders are used to pro- 
duce rubber or elastomeric. extrudates of different 
shapes. In spite of improvements in equipment 
design made over the past years, extrudate gauge 
and weight variations of more than 4% are typically 
encountered and significant gauge changes occur 
when rubber feed strips of different composition, 
stock viscosity and other properties including sur- 
face friction are used. The extrudate temperature 
typically is more than 120°C, particularly when the 
equipment is operated with an extrusion head and 
die requiring high pressures and at higher extrusion 
rates. Furthermore, when conventional strainers are 
used in line with an extruder, further temperature 
increases are induced due to the high pressure 
drop across the strainer screen and its support 
system. This, in turn, requires extrusion rates to be 
lowered up to 40% to keep the extrudate tempera- 
ture from exceeding certain set limits. This tem- 
perature must be maintained at. a predetermined 
level to prevent partial vulcanization of the rubber 
compound as it moves through the extruder, strain- 
er, extrusion head and other components of the 
system to prevent imperfections in the final ex- 
truded strip. 

Various types and elements of precision ex- 
trusion systems are known and have been used for 
the processing of a variety of plastics and fibers. 
However, the chemical make-up and mechanical 
properties of plastic and fibers and rubber or 
elastomeric compounds are completely different 
whereby the use of the various equipments and 
processes in the plastic and fiber industry is not 
compatible with or usable in the rubber industry 
and visa versa, since each technology has its own 
special problems and desired results to be 
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achieved by a particular extrusion system and 
method. In a rubber extrusion system, the rubber 
being extruded will be of varying molecular weight 
and may contain a high concentration of fillers 

5 which can cause them to be very abrasive and can 
have a wide variety of viscosities. Furthermore, the 
makeup of rubber strips introduced into an extruder 
can vary appreciably. In a cold feed extruder sys- 
tem, the ambient temperature of the rubber can 

70 vary between 1ii°C and 50 °C. In a hot feed ex- 
truder on the other hand, the rubber strips may 
have a temperature of between 80 °C and 110° C. 
Therefore, since the feed compound in a rubber 
extrusion system is completely different than the 

75 feed material in a plastic extrusion system, that 
which works in the plastic extrusion system will not 
necessarily work in a rubber extrusion system. 

Also, rubber will cure at relatively low tempera- 
tures and cannot tolerate high temperatures during 

20 the processing and extrusion thereof. Plastics gen- 
erally are extruded at very high temperatures, for 
example, between 220 *C and 250 *C without any 
degrading or adverse effect on the plastics. When 
extruding rubber it is desirable to maintain the 

25 temperature of the rubber as low as possible, pref- 
erably at 100°C or less. This lower extrusion tem- 
perature of the rubber is desirable since it allows 
the rubber compound to be formulated so that the 
onset of vulcanization occurs at a lower tempera- 

30 . ture which in turn reduces the time and cost of 
vulcanization. Lower temperature extruded rubber 
also will enable shorter cooling conveyor lengths to 
be utilized reducing equipment costs and process- 
ing time. Also, the lower temperature of the final 

35 extruded product will - diminish the dimensional 
changes occurring in the extrudate upon leaving 
the extrusion die. However, during the extrusion of 
-rubber compounds, heaU buildup occurs due to 
shear and frictional heat generated during the 

40 screw, extrusion of the rubber which is not a prob- 
lem in the extrusion of plastics and fiber. 

Thus, in the extrusion of rubber compound, it is 
desirable to achieve an accurate dimensional sta- 
bility of the extrudate and low extrudate tempera- 

45 tures while straining and processing at high 
throughput rates. One of the means which facili- 
tates the meeting of this objective is to use a long 
extrusion die land. However, this longer die land 
requires a high head pressure which in prior ex- 

50 trusion systems results in undesirable higher ex- 
trudate temperatures. 

In the extrusion of rubber compound strips, in 
addition to the excess heating problems discussed 
above, another common problem is that, depending 

55 upon the origin of the raw rubber and rubber com- 
pounds supplied to the systems, a variety of for- 
eign materials are present in the rubber which must 
be removed before the final extrusion of the strip. 

2 
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Heretofore, this required the use of separate 
screening and straining procedures to ensure that 
the rubber is relatively free of such foreign materi- 
als berore entering it into the extrusion system. 
Various types of straining equipment have been 
devised for removing such foreign materials, but 
these result in a considerable pressure drop and 
temperature rise as the material moves through the 
strainer. Many of these problems have been elimi- 
nated by the construction of a low pressure drop 
strainer of the type shown in U.S. Patent No. 
4,918,017, which is also assigned to the assignee 
of the present invention. 

Another problem with prior rubber extrusion 
systems, dissimilar to those in the plastic and fiber 
extrusion systems, is cleanout. It is desirable in 
rubber extrusion systems and methods that a vari- 
ety of rubber compounds of various characteristics 
be used sequentially for manufacturing a variety of 
products. Heretofore, this required shut down of the 
equipment and a subsequent removal of the re- 
maining compound before a new rubber compound 
could be moved through the system since the 
various components of the extrusion system are 
bolted together requiring hours to disassemble and 
clean. In the plastic and fiber extrusion industry, to 
avoid this extensive downtime, it is common prac- 
tice to flush the components for several minutes 
with the new polymer and scrap the flushing ex- 
trudate. Such a flushing practice is not acceptable 
in the rubber extrusion industry because it is ex- 
tremely slow and expensive, especially when a 
change in rubber compound may occur numerous 
times throughout a work shift. The only practical 
solution is to disassemble the components 1 and to 
remove the rubber stock from the interior of the 
equipment. ' ^ x 

Moreover, the tire industry often requires that 
smaller lots of differently shaped (-rubber or 
elastomeric strips are extruded, requiring frequent 
compound and die changes throughout the. produc- 
tion day. Therefore, it is critical, in order to achieve 
economic production, that the time to reach the 
required dimensional specification of the particular 
configured extrudate passing through the die, must 
be as short as possible. This requires that the 
operating pressure and temperature at the die be 
reached and stabilized as quickly as possible 
which is difficult with an usual auger type extruder. 

None of the above listed problems found in the 
extrusion of rubber compounds are a problem or 
are of much concern in the extrusion of plastics 
and fibers. Also, gear pumps to date, have not 
been successfully used in rubber extrusion, al- 
though the same have found some success in the 
extrusion of plastics and fiber. 

SUMMARY OF THE INVENTION 



An object of the present invention is providing 
solutions to the noted prior art problems in terms of 
apparatus and method by providing a compact 
precision extrusion system and method to produce 

5 an extremely accurate rubber extrudate. 

A further objective of the invention is to provide 
such a system and method in which the tempera- 
ture of the rubber compound is maintained within a 
predetermined temperature range generally less 

io than 100'C. Each compound has a preferred pro- 
cessing window. But, in general, a lower extrudate 
temperature is desirable since there will be less 
deformation and shrinkage of the extrudate after 
leaving the die and less cooling will subsequently 

T5 be required resulting in shorter cooling conveyors 
and thereby reduced equipment cost. Also, by 
maintaining a lower extrusion temperature of the 
rubber, compounds can be used which vulcanize at 
lower temperature thereby reducing the vulcaniza- 

20 tion time of the final product and increasing the 
efficiency of the manufacturing process. Thus, it is 
a primary objective to control the - temperature of 
the rubber compound as it moves through the*, 
extrusion system. 

25 A still further objective of the invention is tor 

provide such an extrusion system and methods 
which accurately and precisely controls the equip- 
ment of the system and movement of the rubber 
compound therethrough whereby the gauge and 

30 weight are accurately maintained in the final ex- 
trudate, and in which the extrudate dimensions can 
be quickly brought within specification with less 
manual involvement by operating personnel, via the 
incorporation of an automatic monitoring and con- 

35 trol system therein. 

Still another objective of the invention is to 
provide such an extrusion system and method in 
which a strainer is provided to remove foreign 
materials from the rubber compound to prevent 

40 damage to the equipment located downstream of 
the strainer, and which will not interfere with the 
precision extrusion of the rubber compound, and 
which will enable the rubber compound, at near 
ambient temperature, to be introduced directly into ? 

45 the system, eliminating the heretofore separate- 
straining operation and subsequent handling and, 
transportation of the raw rubber compound before- 
and after the straining operation prior to it being 
introduced into the extrusion system. Likewise, with 

so a low pressure strainer there is no significant tem- 
perature increase and no decrease in throughput 
rate, and it insures a quality extrudate free of 
defects. 

A further objective of the invention is to provide 
55 such an extrusion system and method in which the 
various pieces of equipment are mounted for either 
axial and/or transverse movement with respect to 
each other to enable easy removal of the rubber 
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compound from the different parts of the equip- 
ment and in a minimum amount of time which is 
required during compound changes, resulting in a 
more efficient system and reduced scrap. 

A still further objective of the invention is to 
provide such an extrusion system and method 
which enables equilibrium conditions to be reached 
quickly during start up of the equipment and/or 
after compound changes, again increasing the op- 
erating efficiency and reducing scrap of the sys- 
tem. 

Still another objective of the . invention is to 
provide such an extrusion system and method in 
which accurate extrudate gauges can be main- 
tained during changes of stock viscosity of the 
rubber feed strips by use of a gear pump and by 
providing a control system which continuously 
measures the various temperatures and pressures 
at the different positions of the system, which mea- 
surements are fed to a computer control which 
induces changes in the pump and feed speed 
during start up, shut down, and steady state opera- 
tion of the equipment. 

Still another objective of the .invention is to 
provide such an extrusion system and method con- 
sisting of a short' and compact feeder which uni- 
formly heats and mixes the rubber compound 
placed therein, which in a cold feed extruder is at 
near ambient temperature, as the rubber moves 
through the feeder before being forced through a 
strainer and into a gear pump" under sufficient 
pressure so that the gears of the pump are com- 
pletely filled in order to deliver precise volumes of 
strained rubber compound immediately into a 
spread chamber of an extrusion head prior to pass- 
ing through an extrusion die to form a uniform and 
- constant extrudate strip. ' — 

A still further objective is to provide such an 
improved extrusion apparatus and method which is 
relatively trouble free and essentially automated by 
the unique arrangement of equipment and the in- 
terrelationship therebetween to provide the desired 
accurately controlled extrudate strip. 

These objectives and advantages are obtained 
by the improved extrusion system of the invention 
for extruding a strip of rubber compound material, 
the general nature of which may be stated as 
including feed mixer means Jor receiving strips of 
rubber compound at generally ambient temperature 
for mixing and heating said compound uniformly to 
a desired temperature as the compound moves 
downstream through said feed mixer means toward 
a discharge end thereof; strainer means located at 
the discharge end of the feed mixer means for 
removing foreign matter from the rubber compound 
while minimizing pressure drop across said strainer 
means; gear pump means mounted adjacent to 
and downstream of the strainer means for de- 



livering precise volumetric amounts of the com- 
pound at an exit port of said gear pump means; 
extrusion head means mounted adjacent to the exit 
port of the gear pump means for forming the 

5 ' delivered amounts of compound into an elongated 
strip of said compound; and separation means for . 
separating the extrusion head means and strainer 
means from the gear pump means for removal of 
the rubber compound prior to a compound change. 

io These objectives and advantages are further 

obtained by the improved method of the invention, 
the general nature of which may be stated as a 
method of extruding a strip of rubber compound 
including the steps of uniformly mixing and heating 

75 strips of rubber compound as the compound 
moves through a screw type extruder; passing said 
uniformly heated and mixed rubber compound 
through a strainer to remove foreign matter from 
the rubber compound; delivering precise volumetric 

20 amounts of the rubber compound in strip form by 
passing said compound through a gear pump; and 
extruding strips of rubber compound from an ex- 
trusion head by reforming the strip of rubber com- 
pound received from the gear pump. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention, illus- 
trative of the best modes in which applicants have 
30 contemplated applying the principles, are set forth 
in the following description and are shown in the 
drawings, and are particularly and distinctly pointed 
out and set forth in the appended claims. FIG. 1 is 
a diagrammatic view showing a usual 
35 prior art extrusion system for extruding strips of 
rubber compounds; 

FIG. 2 is a diagrammatic view similar to FIG. 1, 
showing the improved precision extrusion sys- 
tem of the present invention for a cold strip 
40 feed; 

FIG. 3 is a diagrammatic view similar to FIG. 2, 
showing the improved extrusion system being 
used with a hot strip feed; 
FIG. 4 is a generally diagrammatic sectional 
45 view of the improved feed mixer equipment of 
the improved system and method; 
FIG. 5 is an enlarged perspective view showing 
a portion of the feed mixer, low pressure strainer 
assembly, gear pump and extrusion head corn- 
so ponents of the improved extrusion system in an 
assembled condition; 

FIG. 6 is a perspective view with portions broken 
away, showing the components of FIG. 5 in 
assembled condition; 
55 FIG. 7 is a reduced scale diagrammatic per- 
spective view of the component of FIGS. 5 and 
6 shown in a partial axial separated condition; 
FIG. 8 is a further reduced scale diagrammatic 
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perspective view similar to FIG. 7, with the com- 
ponents of FIGS. 5 and 6 shown in a further 
axial separated condition; 

FIG. 9 is a diagrammatic perspective view simi- 
lar to FIG. 8, but at a 180* orientation there- 
from; 

FfG. 10 is a diagrammatic sectional view of the 
assembled components with portions removed; 
FIG. 1 0A is a view generally similar to FIG. 10 
showing the rubber or elastomeric compound in 
section, moving through the assembled compo- 
nents; 

FIG. 10B is a sectional view generally similar to 
FIGS. 10 and 10A showing use of a large inlet 
gear pump and flow divider; 
FIG. 11 is a reduced scale* diagrammatic side 
elevational view similar to FIG. 10, with certain 
of the components in ah axial separated position 
for cleanout; 

FIG. 12 is a reduced diagrammatic view similar 
to FIG. 11 with the components in a greater 
axial separated condition for cleanout; and 
FIG. 13 is a diagrammatic top view of the axially 
separated components of FIG. 12. 
Similar numerals refer to similar parts through- 
out the drawings. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

FIG. 1 discloses ; diagram matically, a prior art 
extrusion system and method of which the present 
invention is an improvement thereon. Such prior art 
extrusion systems and arrangement of components 
generally consist of a usual screw type extruder 1 
having a power drive source and motor 2 con- 
nected to a drive transmission 3 for rotating a usual 
screw 4 within a heated barrel 5. Both the screw 
and barrel are independently temperature con- 
trolled by circulating thermostatted liquid, such as 
water, which is heated during standby periods and 
cooled during operation. Also, such heaters are on 
only before the rubber compound starts-to flow and 
then changes to cooling to maintain the desired 
temperature since the friction of the rubber being 
moved through the barrel creates sufficient heat. 
Extruder I has an input or throat 6 : ;for feeding strips 
7 of a vulcanizable rubber compound into the inte- 
rior of barrel 5. Extruder 1 further includes a feed 
screw section working with an opposing feed roll, 
an auger pumping screw section which conveys 
and builds pressure within the rubber compound, a 
mixing section where pins 8 t which are fixed to the 
barrel, interact with interruptions with the flights of 
screw 4, and a second auger pumping section to 
generate the final pressure within the rubber com- 
pound. Other mixing devices, such as barrier flights 
are sometimes used instead of pins 8 to achieve 



uniform mixing. It is common in nearly all prior art 
cold feed extruders that the incoming strip of rub- 
ber compound encounters a feed section, then a 
pump section, then a mix section, and then another 
5 pump section before passing through the extruder 
die. 

In many instances, strips 7 were previously 
passed through some type of separate strainer or 
screen element in order to remove all foreign mat- 

70 ter which may . be contained therein so that the 
strips are free of such foreign matter as the rubber 
is heated and mixed as it is moved along barrol 5. 
Although such straining of the rubber is highly 
desirable not all strips were strained in prior art 

/5 extrusion systems because of temperature in- 
crease, equipment cost, etc., occasionally resulting 
in a defective product which had to be scrapped. 

This heated and mixed rubber compound then 
is passed directly into an extrusion head 9 where it 

20 is discharged through a die 10 to form the desired 
extruded^strip 11. Strip 11 then is moved by a 
conveyor 12 having a drive roll 13 or the like 
connected thereto, for moving the strip to cooling . 
zones and then to subsequent stages of the manu- 

25 facturing process or to storage. Prior art systems., 
are also provided with various types of safety sig-..; 
nals to ensure a safe operation of the extrusion 
system as shown in FIG. 1, to prevent injury and 
machine damage, such as ON/OFF controls des- 

30 ignated by the letter R, and various manually set 
speed settings for the screw and conveyor, as 
designated by the letter S. However, such controls 
are not for ensuring uniformity by modulating the 
screw speed as in the present invention. 

35 As discussed above, prior art rubber extrusion 

systems such as shown in FIG. 1, have various 
shortcomings, the major shortcoming being the in- 
ability to .produce extrudates of high dimensional 
accuracy and to allow for a high throughput rate 

40 while maintaining a low temperature of the strained 
rubber compound at all locations in the system. 
Also, it is difficult to provide adequate pressure to 
allow for the most efficient head designs since 
such higher pressures cause significant increases 

45 in extrudate temperature. Consequently, the design^ 
of the spread chamber and dies for prior art rubber 
extrusion heads had to be compromised to mini- 
mize the pressure requirement which "resulted in 
the spread chambers of the extrusion heads having 

so very large resident volumes and an undesirable 
shape of the extrusion dies. Prior art extrusion 
beads for rubber compounds have internal volumes 
equivalent to 15-30 seconds of production at nor- 
mal production speeds which results in excessive 

55 scrap being generated at each changeover of rub- 
ber compound. 

This and other shortcomings are overcome by 
the improved system of the invention, indicated 
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generally at 15 and shown diagram matically in FIG. 
2. System 15 is a "cold feed" system and includes 
a usual power source 16 and a transmission 17 
which is connected to an improved feed mixer, 
indicated generally at 18. The output end of feed 
mixer 18 is connected to a low pressure drop 
strainer assembly 19, the output of the latter being 
connected to a precision gear pump 20. The exit of 
gear pump 20 is connected to an extrusion head 
21 having an extrusion die 22 for forming the 
desired configuration of a strip 23 which can then 
be carried by a conveyor 24 or similar transport to - 
a cooling zone for subsequent storage and/or fur- 
ther processing. 

In accordance with one of the features of the 
invention, feed mixer 18 in a cold feed system, 
preferably is of a unique design and is shown 
particularly in FIG. 4. The function of feed mixer 18 
is generally twofold. It initially must accept strips 7 
of rubber or elastomeric compounds through an 
inlet opening 26 which are at or near ambient 
temperature, and then heat the rubber compound 
uniformly to a desired temperature as it is moved 
through a bore 25 of a heated barrel 27 by a 
unique feed and mixing screw, indicated generally 
at 28. The screw is formed with internal tempera- 
ture control passages 29 for circulating a ther- 
mostatic liquid, such as water, therethrough, for 
heating and/or cooling the screw, and in turn the 
rubber compound in contact therewith. As indicated 

r-r-previously, the ambient strip temperature can vary 

:~_ between 15°C and 50 «C depending upon the sea- 
son of the year, geographical location, storage lo- 

~- cation, etc. Secondly, feed mixer 18 has to gen- 
erate enough pressure to overcome the pressure 

" drop in strainer assembly 19 and provide the mini- 

- ~~ mum pressure required at an entrance port of gear 

pump 20 to reliably fill the gears of the pump as 
" described in greater detail below. 

In order to accomplish these features, feed 

- mixer 18 is comprised of a feed section 30, a very 
short pressure generating section 31, and a mix 

- section 32. Feed section 30 is more or less of a 
conventional design wherein the rubber is trans- 

- f erred along the barrel by a screw section 30 A, an 
example of which may be of a type distributed by 
Paul Troester Maschinenfabrik of Hanover, Ger- 
many. The rubber then is transferred through sec- 
tion 31 by providing a usual helical auger screw 
31 A which conveys the rubber forwardly while gen- 
erating enough pressure to ensure that the space 
between the gears of gear pump 20 are filled. The 
rubber then is uniformly mixed as it passes through 
mix section 32 before passing through an outlet 
end 33 of feed mixer 18. Section 32 preferably has 
a screw configuration 32A which mixes the rubber 
without generating excessive temperature in- 
creases from shearing of the rubber. This low tem- 



perature mixing is achieved by transferring the 
rubber from screw flights 34 to a series of grooves 
35 formed in the barrel and then back; into the 
screw flights at a different location. This is known 
5 as a multiple cut transfer mix, such as in mixing 
equipment distributed by Rubber Consulting Ma- 
chinery of Zurich, Switzerland. 

This unique arrangement of screw 28 provides 
the desired mixing as well as temperature equaliza- 
10 tion without excessive shearing and heating of the 
rubber, and most importantly it eliminates the sec- 
ond screw pumping zone as required in prior art 
rubber extruders. The uniqueness of this design 
lies in combining three known screw design fea- 
rs tures, namely, a usual feed screw 30A in section 
30, with a usual helical auger screw 31 A in a short 
pressure generating section 31, and by use of 
screw section 32A in a temperature neutral or a low 
temperature increase mix section 32. These sec- 
20 tions utilize very short compact screw configura- 
tions, which would be of little benefit to a conven- 
tional extrusion system such as shown in FIG. 1 
since they will not generate the required head 
pressure at the die. However, such an arrangement 
25 optimally serves the purpose of the present inven- 
tion, that is, generating only enough pressure at 
outlet 33 to ensure that gear pump 20 is main- 
tained full, with very little shearing due to the short 
length thereof, thereby avoiding excessive tem- 
30 perature increases as in conventional screw auger 
extruders due to the back flow created by the 
required high pressures. Also, mix section 32 is 
located downstream of pressure generating section 
31 and imparts very little temperature increase, but 
35 its multiple cut transfer mix configuration equalizes 
temperature differences which may exist in the 
rubber stock, after exiting the pressure generating 
section of the feeder. 

In the preferred embodiment, feed section 30 
40 and pressure generating section 31 will have a 
combined linear length of between 3 and 6 times 
the screw diameter, and with the linear length of 
mix section 32 being between 1.5 and 2.5 times 
the screw diameter. The preferred overall linear 
45 length of sections 30, 31 and 32 is between 4.5 
and 8.5 times the screw diameter. This is in con- 
trast to a usual screw extruder of the prior art cold 
feed extrusion systems as shown in FIG. 1, which 
has an overall linear length of between 12 and 16 
so times the screw diameter. 

Feed mixer 18 will also be provided with a 
plurality of chambers 36 extending about barrel 27 
for containing a heated fluid for heating the barrel 
to a desired temperature. Circulating thermostatted 
55 fluid is provided for all screws, screw barrels, pump 
gears and gear pump housings. The temperature 
for most rubber compounds will be less than 
100*C as it moves through feed mixer 18. 
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However, for certain hot feed applications 
where the temperature of the compound is suffi- 
ciently high, a simple helical auger configuration 
may be used throughout feed mixer 18, as shown 
for a hot feed application in FIG. 3. With such an 5 
auger, the vulcanizable compound is only pumped 
downstream toward the discharge end without ap- 
preciable mixing or heating to provide the neces- 
sary pressure for filling the gear teeth of the gear 
pump as described more fully below. to 

Referring particularly to FIG. 10A, the uniformly 
heated and mixed rubber, indicated generally at 38, 
leaves outlet 33 of feed mixer 18 through a diverg- 
ing and converging bore 39 of a transition plate 40. 
Bore 39 preferably is formed by a pair of opposed is 
diverging surfaces 41 and a second pair of op- 
posed preferably converging or parallel surfaces 42 
(FIGS. 12 and 13). This bore configuration and 
surfac arrangement facilitates the cleaning and 
removal of rubber compound therefrom during a 20 
compound changeover procedure as described in 
greater detail below. 

Transition plate 40 is telescopically connected 
immediately to low pressure drop strainer assem- 
bly 19, for example by a rectangular mounting 25 
plate 45. Strainer assembly 19 preferably is r of the 
type as shown in previously noted U.S. Patent No. 
4,918,017. Strainer assembly 19 as shown in FIG. 
6. includes a main rectangular frame 43' which* is 
engaged with mounting plate 45 and supports a 30 
plurality of parallel elongated bars, or ribs 4(£ which , 
form a plurality of parallel spaced slots 47 there- 
between. Ribs 46 support a straining screen 48 
thereon, on the upstream side/with screen '48 
being secured in a clamped position by plate 45.; 35 
The configuration of ribs 46 and screen 48 can be 
concavely curved as shown in. FIGS. 6-9; of the 
drawings, or have a straight configuration, in-order 
to provide for the elongated flow spaces or' slots 47 * 
between the screen supporting ribs. The curved rib 40 
. configuration is used for larger bore -diameters, .. 
- such as 150 mm. and larger. This construction and 
arrangement minimizes the pressure drop across 
the strainer, which in turn controls the temperature 
increase encountered during; its use. While the 45 
pressure across conventional rubber strainers is" at 
least 50 bar, it is generally less than 25 bar for *a : 
strainer of the type shown in FIGS. 6-13 and dis- ^ 
cussed above. Furthermore, bore 39 of transition^ . + _ 
plate 40 is telescopically received within an inlet 37^ 50 
of strainer assembly 19 such that the transition flow 
of the rubber compound terminates adjacent the 
surface of strainer screen 48 (FIG. 10). 

In further accordance with the. invention, strain- 
er assembly 19 is located immediately adjacent an 55 
inlet 49 of gear pump 20 and is telescopically 
connected thereto by a transition plate 50. Plate 50 
is provided with at least one pair of opposed r con- 



verging surfaces 51 and a spaced opposed pair of 
surfaces 52 (FIG. 8), which form the outlet 53 of 
strainer assembly 19. These surfaces permit the 
rapid and easy removal of remaining rubber upon 
separation of the gear pump from the adjacent 
components for the purpose of cleaning during a 
rubber compound change. Surfaces 51 and 52 also 
minimizes the pressure required for a complete 
filling of the gear pump through inlet 49. As an 
alternative means of removing the rubber, pins (not 
shown) may be inserted into inlet 49 which enables 
the rubber to be moved easily without use the 
noted diverging surfaces. 

Gear pump 20 generally consists of a main 
housing 55 with a removable side plate 56 to 
provide access into a pair of meshing feed gears 
57 and 58 rotatably mounted within a metering 
chamber 61 . Gears 57 and 58 preferably are rotat- 
ed through a single power driven drive shaft 59 in a 
manner well known in the art. 

After passing through gear pump outlet 44, the 
discharged rubber is immediately passed through a 
bore 64 of a transition plate 65 into the inlet 69 of 
extrusion head 1 21 (FIG. 10A). Bore 64 preferably 
is formed with a pair of opposed diverging surfaces : 
67 and a pair of opposed either converging or * 
parallel surfaces 68 (FIGS. 8, 10, 12 and 13). 

In further accordance with the invention, bore 

64 is located immediately adjacent gear pump out- 
let 44 and communicates immediately with spread 
chamber 70 of extrusion head 21. Transition plate 

65 includes an outlet end 71 which communicates 
directly with opening 72 formed in the rear of 
extrusion head 21 (FIG. 10). By this arrangement, 
the rubber compound exiting from the end of bore 
64, immediately flows into spread chamber 70 of 
extrusion head 21 and begins to converge toward 
die opening 75. This arrangement eliminates a 
dead space between the extrusion head and gear 
pump as occurs in many prior art arrangements 
and enables a steady state flow of rubber to.be 
achieved more quickly and reduces starting time 
and scrap during compound changes. Thus, the 
rubber after leaving gear pump 20 almost imme- 
diately flows into spread chamber 70 of extrusion 
head 21 and through the predefined die opening 75 
provided by die 22 which provides the desired 
configured rubber strip 23. Furthermore, in the pre- 
ferred embodiment, the rubber compound will have 
a residency of less than 10 seconds within the 
extrusion head (FIGS. 10 and 10A). 

This precision extrusion of strip 23 is accom- 
plished principally by the use of gear pump 20 in 
combination with the other components discussed 
above, whereby pump 20 delivers accurately con- 
trolled volumetric amounts of rubber immediately 
to the extrusion head, with the inlet of pump 20 
being appropriately designed to minimize the pres- 
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sure required for complete filling of the gear pump 
gears at all times. One of the main differences of 
pump 20 over a conventional gear pump design is 
that, on disassembly, the rubber is readily remov- 
able from the entrance and exit ports upon axial s 
separation. Furthermore, pump 20, in combination 
with flow control device 54, extends the advantages 
of large entrance ports, that is, ones having ab- 
solute minimum feed pressure and the lowest inter- 
nal pump friction, to metering service. u 

FIG. 10B shows a slightly modified form of the 
improved extrusion apparatus, which uses a gear 
pump 20A having a large inlet port. Large mouth 
pumps are produced by various companies such 
as identified under the trademark VACOREX 75 
pumps produced by Maag Pump Company of 
Zurich, Switzerland, and work very well for pump- 
ing high viscosity polyethylene terephthalate melt 
from vacuum chambers at pressures less than 
0.001 bar. In such an application, gear cavities do 20 
not completely fill in sweeping across the face of 
the pump inlet but reach their final fill, occasionally 
incomplete, in compression zones. Since the gear 
cavities accept filling all across the inlet flow stag- 
nation is prevented. Another >j vantage is less fric- 25 
tion due to reduced angle of contact between 
pump housing and polymer in gear cavities. How- 
ever, the use of such large mouth pumps here- 
tofore was not recommended for metering service 
as in the present invention. If the inlet pressure is 30 
:high enough to ensure complete gear cavity filling 
under all conditions then under; most conditions, 
cavities will fill before sweeping the entire inlet 
port. Once filled, the gears block flow from the 
outer portions of the inlet flow channel. With rubber 35 
compound as in the present invention, even inter- 
mittent blockages are unacceptable because rub- 
ber rheology encouragesxhannels to persist once 
they are formed. 

The use of a flow enhancer^ or enhancement 40 
device 54 makes large mouth pumps or large inlet 
ports practical for metering; pumps by controlling 
the fill point- of the gears to prevent channel bloc- 
kage by: improving velocity distribution through the 
upstream strainer and transition plate 50 by retard- 45 
ing center flow; providing two more surfaces to 
converge flow from the strainer area to the gear 
filling area more quickly and -at a lower pressure 
drop; providing converging* surfaces for rubber 
withdrawal during cleanout; providing potential heat 50 
transfer surfaces; and providing an easily change- 
able device in order to customize the gear filling 
area to process needs. Device 54 is best mounted 
on and withdrawn with transition plate 50 but could 
be formed as a part of gear pump 20A if desired. 55 

Flow enhancer 54 preferably is located within 
inlet 49 of large inlet gear pump 20A to channel 
and direct the incoming flow" of rubber towards the 



outside or teeth filler zones of the gear teeth by a 
pair of outwardly curving surfaces 54b and 54c. 
Flow enhancer 54 enhances the loading of the gear 
teeth and eliminates the recirculation of the rubber 
adjacent the walls. Flow enhancer 54 retards filling 
in the center of the teeth but provides enough tooth 
spaces at the outside area for filling. It balances the 
flow through strainer assembly 19 instead of con- 
centrating it through the center portion of the 
strainer. 

Fluid passages 54a are also provided in flow 
enhancer 54 to provide for the flow of cooling and 
heating fluid to assist in maintaining the control of 
the temperature of the rubber compound during 
shutdown and startup. Flow enhancer 54 also as- 
sists in removing rubber during changeover and 
cleanout operations. The incoming rubber thus is 
channeled by flow enhancer 54 into the spaces 62 
formed between the adjacent teeth on feed gears 
57 and 58 at the outside area thereof, which ac- 
curately measures the amount of rubber which is 
transferred by the teeth through chamber 61 and 
discharged through an outlet 44 in a manner well 
known in the gear pump metering art. 

In accordance with another feature of the in- x 
vention which is best illustrated in FIGS. 11. 12 and 
13, the individual components are easily separated, 
preferably in an axial direction, to enable the var- 
ious components to be easily accessible to enable 
the rubber contained therein and extending be- 
tween the components, to be easily removed upon 
a rubber compound change. Preferably, the individ- 
ual components will be mounted on slide rods (not 
shown) by bearing sleeves or the like, which may 
be automatically controllable by pneumatic or hy- 
draulic cylinders. With this arrangement, an oper- 
ator, upon a rubber compound change, can merely 
actuate certain control buttons which will automati- 
cally separate the components. For example, low 
pressure strainer 19 and die assembly 21, together 
with their respective transition plates 50 and 65, 
respectively, will be moved axi ally away from inlet 
49 and outlet 44 of gear pump 20, as shown in 
FIG. 7, for ease of removal of the rubber trapped 
therein. Next, transition plate 50 can be axially 
separated from low pressure strainer assembly 19 
as shown In FIGS. 12 and 13, whereby the tapered 
surfaces 51 and 52 of transition plate 50 enable the 
trapped block of rubber 76 to be removed easily 
therefrom. Moreover, axial separation of transition 
piece 40 from screen clamp 45 causes rubber 
block 77 to separate from screen 48 but remaining 
in transition piece 40. Thus, rubber block 77 is then 
easily removed by turning of the extruder screw 
28. 

Likewise, the axial separation of transition plate 
65 from gear pump 20 and extrusion head 21, and 
in particular the configuration of surfaces 67 and 68 
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which form bore 64 and the tapered surfaces for- 
ming spread chamber 70, enables trapped rubber 
block 78 to be easily removed from transition plate 
65, outlet 44 of gear pump 20 and from spread 
chamber 70. Any rubber remaining within feed mix- 
er 18 is removed easily by turning of screw 28 
whereby the rubber will be moved forward ly into 
and through bore 39 of transition plate 40. Rubber 
blocks 76-78 preferably can be manually removed 
by a workman after the axial separation of the 
components as shown particularly in FIGS. 12 and 
13. 

In further accordance with the invention, the 
various components of the improved system are 
interconnected by a control system shown gen- 
erally diagrammatically in FIG. 2. First, the speed 
of pump 20 and of the downstream cooling convey- 
ors are selected to extrude a desired profile of 
rubber strip 23 upon passing through die opening 
73, whereby the screw rpm of feed mixer 18 is 
automatically adjusted to provide a near constant 
pressure at the entrance, point of gear pump 20. 
This pressure reading is designated as P2 and is 
shown in FIG. 2. Temperatures and pressures at 
various other positions in the system "are measured 
as inputs for algorithms which are designed to 
induce changes in the speed of feed mixer 18 
during startup, shutdown and steady state opera- 
tion, to maintain the desired pressures, feed rates 
and temperatures throughout the entire system. 
These various readings are fed to r a~ control com- 
puter 80 for adjusting the speed of ; feed mixer 18 
and the feed rate of gear pump 20 through the 
control of gear drive shaft 59. 

The details of the various components de- 
scribed above and shown, in the drawings, namely 
feed mixer 18, low pressuVe strainer 19, gear pump 
20 and extrusion head 21 may be i modified from 
that shown particularly : irj the ^drawings, without 
affecting the main concept of 'the invention. This 
concept is providing an -extremely compact ex- 
trusion system and related method which enables 
an accurately controlled, ;:specifically profiled, strip 
of rubber to be extruded through a die head at an 
efficient operational speed, preferably without ex- 
ceeding acceptable temperatures which could jDe 
harmful to the rubber strip. Furthermore, this sys- 
tem and method enable vthe rubber compound to 
be fed directly into thelfeed mixer without ^first 
having to process the rubber to remove harmful 
foreign materials therefrom, since these materials 
are removed by low pressure strainer 19 located 
immediately between the output of the feed mixer 
and the input of the gear pump;; 

Reaching steady state conditions quickly is as- 
sisted by the low volume spread chamber in the 
extrusion head and by appropriate startup proce- 
dures. Although the smaller dimensional extrusion 
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heads require higher pressures, these pressures 
can be provided for easily in the present system 
by the use of the gear pump without large in- 
creases in temperature, as occurs in prior art ex- 

5 trusion systems. The gear pump enables the head 
pressure and flow to equilibrate quickly after start 
up of the system which in turn causes extrudate 
dimensions to reach the designated specifications. 
Tests have shown that the extrusion of rubber 

10 equivalent to 10 times the volume contained in the 
extruder head is required to reach steady state flow 
and desired extrudate dimensions. In prior art rub- 
ber extrusion systems, this may take up to five 
minutes because of the large, volume extrusion 

rs heads. However, in the present system, less than 
30 seconds are needed to reach equilibrium due to 
the gear pump, the smaller volume extrusion heads 
and by the use of appropriate start up procedures. 
The unique system and component arrange- 

20 ment of the invention furthermore enables the var- 
ious components to be separated easily in both 
axial and transverse directions to enable the rubber 
remaining in the system components to be re- > 
moved quickly during compound changes, usually 

25 by manual operations, whereby the components - 
can then be reassembled quickly and automatically 
for the subsequent flow of a different compound 
rubber therethrough. 

FIG. 3 shows a slightly modified form of the 

30 invention in which the compact extrusion system 
can be modified for use with a hot strip feed. As 
shown in FIG. 3, extrusion apparatus indicated gen- 
erally at 82, will consist of an inlet chute 83 
wherein an incoming heated strip of rubbeir or 

35 elastomeric compound 84, heated to a temperature 
. of between 80 *C and 110* C, is moved through 
. the bore of a heated barrel 85 by a single helical 
thread auger 86 which forms a feed mixer 90. This 
rubber compound then passes through low pres- 

40 sure screen assembly 19, through gear pump 20 
and extrusion head 21, and subsequently through 
die 22 for forming the profile of rubber strip 23. 
Strip 84 preferably is preheated by mill rolls 87, 
which heats and blends the rubber into strip 84. 

45 The strip also may pass through a usual loop depth - 
detector 88 which supplies a signal to a controller 

; 89 which, in [turn, provides a signal to the feed 
components withdrawing the strip from mill rolls 87. 
Again, the individual components of extrusion 

so apparatus 82 are similar to those described above, 
except that the unique combination of thread con- 
figurations of feed mixer 18 preferably is replaced 
by a single length of helical auger 86. However, the 
remaining components are similar, as well as the 

55 functions thereof, including the axial and transverse , 
separation for removal of the trapped rubber for 
cleanout during a compound change. 

Accordingly, the improved system and method 
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of the invention are simplified, provide an effective, 
safe, inexpensive, and efficient system and method 
which achieves all the enumerated objectives, pro- 
vide for eliminating difficulties encountered with 
prior systems and methods, and solve problems 
and obtain new results in the art. 

In the foregoing description, certain terms have 
been used for brevity, clearness and understand- 
ing; but no unnecessary limitations are to be im- 
plied therefrom beyond the requirement of the prior 
art, because such terms are used for descriptive 
purposes and are intended to be broadly con- 
strued. 

Moreover, the description and illustration of the 
invention are by way of example, and the scope of 
the invention is not limited to the exact details 
shown or described. 

Having now described the features, discoveries 
and principles of the invention, the manner in which 
the improved extrusion system and method of the 
invention are constructed and used, the character- 
istics of the construction, and the advantageous, 
new and useful results obtained; the new and use- 
ful structures, devices, elements, arrangements, 
parts and combinations, and method steps, are set 
forth in the appended claims. 

Claims 

1. In an extrusion system for extruding a strip of 
a vulcanizable rubber or elastomeric com- 
pound material having a feeder for receiving 
and pumping the compound downstream to- 
ward a discharge end of the feeder and an 
extrusion head for forming delivered amounts 
of compound into an elongated strip of ac- 
curately controlled dimensions, characterized 
in that strainer means is located at the dis- 
charge end of the feeder for removing any 
foreign matter contained within the compound 
while minimizing pressure drop across said 
strainer means; and that gear pump means is 
mounted adjacent to and downstream of the 
strainer means for delivering precise volumet- 
ric amounts of the compound at an outlet of 
said gear pump means to the extrusion head 
means. 

2. The extrusion system according to Claim 1 
characterized in that a transition plate is moun- 
ted between the discharge end of the feeder 
and an inlet end of the strainer means; and in 
which the transition plate is formed with a bore 
which is telescopically received within an inlet 
end of the strainer means such that the flow of 
the compound from the transition plate bore is 
adjacent the surface of the strainer means. 



3. The extrusion system according to Claim 2 
characterized in that the bore of the transition 
plate has at least a pair of diverging surfaces 
to facilitate removal of the compound there- 

s from upon axial separation of the feeder from 

the strainer means. 

4. The extrusion system according to Claim 1 
characterized in that the discharge end of the 

w feeder communicates with an inlet end of the 

strainer means with opposed pairs of tapered 
surfaces forming a bore; and in which said 
discharge end is telescopically received within 
the inlet end of the strainer means. 

75 

5. The extrusion system according to Claim 1 
characterized in that a transition plate is moun- 
ted between the strainer means and the gear 
pump means and includes opposed pairs of 

20 surfaces which form a discharge outlet for the 

strainer means; and in which said discharge 
outlet is telescopically received within an inlet 
of the gear pump means. 

25 6. The extrusion system according to Claim 5 
characterized in that the transition ptate is ax- 
ially separable from the inlet of the gear pump 
means. 

30 7, The extrusion system according to Claim 1 
characterized in that the gear pump means 
includes a pair of meshing metering gears; in 
which said gear pump means has an inlet 
communicating with a discharge outlet of the 

35 strainer means; and in which flow enhancer 

means is located intermediate said inlet and 
discharge outlet for controlling a stream of 
compound entering the inlet of the gear pump 
means. 

40 

8. The extrusion system according to Claim 7 
characterized in that the flow enhancer means 
has a pair of outwardly curved surfaces. 

45 9. The extrusion system according to Claim 1 
characterized in that the gear pump means 
includes an outlet; and in which said outlet is 
connected to an inlet of the extrusion head by 
a transition plate. 

50 

10. The extrusion system according to Claim 9 
characterized in that the transition plate has at 
least one pair of opposed tapered surfaces 
forming a bore through said transition plate, 
55 with said tapered surfaces diverging in the 

downstream direction toward the extrusion 
head; and in which the transition plate is 
telescopically received in the inlet of the ex- 
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trusion head and is axially separable from the 
pump means to permit removal of compound. 

11. The extrusion system according to Claim 1 

characterized in that , the feeder includes a s 
screw, a feed section, a pressure generation 
section and a mix section, with said mix sec- 
tion being located adjacent to and downstream 
of the pressure generation section; and that the 
linear length of the feed section and pressure 10 
generation section have a combined linear 
length between 3 and 6 times the diameter of 
the screw, and that the mix section has a linear 
length generally in the range of 1.5 and 2.5 
times the screw diameter. 75 



ized by the step of dividing the compound 
upon entering the gear pump to form two sep- 
arate streams of said compound for filling 
gears of the gear pump; and controlling the 
filling of gear cavities so as to prevent stagnate 
zones at inner portions of the flow. 



12. The extrusion system according to Claim 11 
characterized in that the feeder screw has an 
overall linear length between 4.5 and 8.5 times 

the screw diameter. 20 

13. In a method of extruding a strip of vulcanizable 
rubber or elastomeric compound wherein the 
compound is moved ^through an extruder and 
ultimately extruded as a strip from an extrusion 25 
head, characterized by the steps of uniformly 
heating and mixing the compound as it moves 
through the extruder; maintaining the tempera- 
ture of the heated compound in the extruder 

less than 100 "C; passing said compound strip 30 
through a strainer to* remove foreign matter 
from the compound; maintaining the pressure 
drop across the strainer at less than 25 bars; 
delivering precise volumetric amounts of the 
compound to the extrusion head by passing 35 
said compound through a gear pump; and ex- 
truding the strips of compound from the ex- 
trusion head by reforming the compound re- 
ceived from the gear pump as it moves 
through the extrusion head. 40 

14. The method according to Claim 13 character- 
ized by the step of separating the extrusion 
head and strainer from the gear pump for 
removal of compound therebetween prior to a 45 
change in compound. 

15. The method according to Claim 13 character- 
ized by the step of expanding the volume of 

the compound as it- exits the extruder and so 
enters the strainer. 

16. The method according to Claim 13 character- 
ized by the step of reducing the volume of the 
compound as it enters the gear pump from the 55 
strainer. 

17. The method according to Claim 13 character- 
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